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(54) [Name of the invention] 

Polymeric Compound Composition and Its Manufacturing Method 
(57) 

[Abstract] 

Polymeric compound composition that is non-corrosive and that has stable with 
time and also high ionic conductivity properties as a solid phase electrolyte material, 
and its manufacturing method are suggested. 

[Solution measures] 

Polymeric compound composite material that is a polymeric compound composite 
material where the ionic liquid (B) is made into a solid phase material by a 
polymeric compound (A), and where the ionic liquid (B) is formed from a mixed 
material of a lithium salt (bl) and a a cyclic amidine or pyridine onium salt (b2). 

[Range of the claims of the invention] 

[Claim 1] 

Polymeric compound composite material, characterized by the fact that it is a 
polymeric compound composite material where the ionic liquid (B) is made into a 
solid phase material by a polymeric compound (A), and where the ionic liquid (B) is 
formed from a mixed material of a lithium salt (bl) and a a cyclic amidine or 
pyridine onium salt (b2). 
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[Claim 2] 



Polymeric compound composite material according to the above described Claim 1 
of the present invention, where the onium salt (b2) of the ionic liquid (B) is a cyclic 
type amidine that is represented according to the formula (I) 



[Chemical Formula 1] 



pi 



N 



f — N 



[where in the formula, Rl and R3 represent correspondingly, individually an alkyl 
radical where the number of the carbon atoms is in the range of 1 - 5, R2 represents 
a hydrogen or an alkyl radical where the number of the carbon atoms is in the range 
of 1 ~ 5, Q represents an alkylene, arylene, or alkenylene where the number of the 
carbon atoms is in the range of 2 - 5], or a pyridine onium salt that is represented 
according to the formula (I) 

[Chemical Formula 2] 

lit*) 



[Where in the formula, R4 represents an alkyl radical where the number of the 
carbon atoms is in the range of 1 - 6, R5 represents a methyl or ethyl radical*] 

[Claim 3] 

Polymeric compound composite material according to the above described Claim 2 
of the present invention, where the cyclic amidine is a compound that contains a 
ring that has been selected from the following: imidazole ring, 2-imidazoline ring, 
tetrahydro pyrimidine ring, diazabicyclo ring or pyridine ring. 
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[Claim 4] 



Polymeric compound composite material according to the above described Gaim 1 
of the present invention, where the anion which forms the onium salt of the ionic 
liquid (B) is at least one type that is selected from the following: bis (trifluoromethyl 
sulfonyl) imide acid, perchloric acid, tetrafluoroboric acid, hexafluorophosphoric 
acid, tris (trifluoromethyl sulfonyl) carbonic acid, trifluoromethane sulfonic acid, 
trifluoroacetic acid or organic carboxylic add. 

[ClaimS] 

Polymeric compound composite material according to the above described Claim 1 
of the present invention, where the polymeric compound (A) is at least one type or 
more that is selected from the following: polyvinyl type polymer material, polyether 
type polymer, polyamide type polymer, polyester type polymer, polycarbonate type 
polymer and ionene type polymer. 

[Claim 6] 

Polymeric compound composite material according to the above described Claim 1 
of the present invention, where relative to 100 weight parts of the ionic liquid 
material (B) the polymeric compound (A) is used in an amount in the range of 1 ~ 
99 weight parts. 

[Claim 7] 

Polymeric compound composite material according to the above described Claim 1 
of the present invention, where the lithium salt (bl) is used in an amount in the 
range of 0.1 ~ 99 weight parts relative to 100 weight parts of the onium salt (b2). 

[Claim 8] 

Manufacturing method for the preparation of the polymeric compound composite 
material according to the above described Claim 1 of the present invention, where 
the polymer (A) and the ionic liquid material (B) were dissolved in a solvent 
medium and after that the solvent is removed and by that the polymeric compound 
composite material according to the above described Claim 1 of the present 
invention is manufactured. 

[Claim 9] 

Manufacturing method for the preparation of the polymeric compound composite 
material according to the above described Claim 1 of the present invention, 
characterized by the fact that to the raw material monomer for the polymer material 
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(A) the ionic liquid (B) and a polymerization initiation agent are added, and this is 
then polymerized. 

[Detailed Explanation of the invention] 
[0001] 

[Technological Field of the invention] 

The present invention is an invention about a polymeric compound composite 
material and its manufacturing method. And in more detail, the present invention 
is an invention about a polymer compound composite material that can be 
advantageously used as the solid phase electrolyte of electrochemical devices, and as 
the antistatic material or electrostatic shielding materials of electronic devices. 

[0002] 

[Previous technology] 

In the past, as the electrolyte material in electrolytic devices like lithium primary 
batteries, lithium secondary batteries, electrolytic condensers, electric dual layer 
condensers, electrochromic display elements, etc., electrolytic solutions have been 
used where in, for example, gamma butyrolactone, N, N-dimethylformamide, 
propylene carbonate, tetrahydrofuran, etc, liquid solvent medium, for example, 
lithium perchlorate, tetraethyl ammonium borofluoride, tetramethylammonium 
phthalate etc., ionogen is used as the ionic compound, and this is dissolved in that 
solvent medium. 

[0003] 

However, in the case of the electrolytic solution, it is easy to generate leakage of the 
liquid, and also, the volatilization is easy, and it has the drawback that it is said it 
lacks long term reliability properties. On the other hand, in the case of the solid 
phase electrolyte material, these drawbacks are not present and if it is used in the 
above described electrochemical devices, it is possible to design a simplification of 
the manufacturing technological process and at the same time, it is possible to 
design a light weight and minituarization of the device itself. Especially, in the case 
of polymeric solid phase electrolyte material, it is a material that has excellent 
flexibility properties, light weight properties, tensile properties, thin layer forming 
properties, processing properties, transparency properties etc, and its application and 
use has been considered in high energy batteries used in automobiles or as storage 
batteries for IC card etc, used in thin shape type manufactured products (Watanabe, 
Electrochemistry, Vol. 62, page 304, 1994). 



[0004] 
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As the above described polymeric solid phase electrolyte material, solid phase 
electrolyte materials have been studied where in polyethylene oxide, polypropylene 
oxide, etc., poly alkylene ether type polymeric compound, lithium sulfonamide, 
LiQ04, UCF3S03 etc., alkali metal salts^ are compounded (Salt-In-Polymer type). 
However, it has become clear that the ionic conductivity properties originate in the 
thermal motion of the polymer chain, and the different attempts of rendering 
amorphous properties to the material, etc, have been limited from the aspect of the 
ionic conductivity properties and the shape stability properties. 

[0005] 

Then, the so-called divided function type polymeric solid phase electrolyte material 
where the ionic conductivity properties are supported by an ionic liquid and the 
mechanical properties are provided by the polymeric material (Polymer-In-Salt type) 
has already been suggested independently by a second research group. As one 
example of that, there is the material where the known as an ionic properties 
possessing liquid material N-butyl pyridinium halide and halogenated aluminium 
complex compound is rendered into a solid phase by using a polymeric compound 
(Watanabe, J.CS. Chem. Commun., page 929, 1993). Then, as another example, there 
is the material where a supercooled liquid of a mixture of two types or more lithium 
salts is solidified through the use of a polymeric material (C.A. Angell et al., Nature, 
volume 362, page 137, 1993). However, in the case of the former composite material, 
because of the halogen ion there is a problem regarding the corrosive properties. 
And in the case of the latter composite material, it is a thermo-mechanically 
unstable supercooled liquid material and because of that it is said that there is a 
problem regarding the crystallisation with the passing of the time. 

[0006] 

[Problems solved by the present invention] 

The present invention is an invention that has as a goal to suggest a polymeric 
composite material used as a solid phase electrolyte material, that has no corrosive 
properties, is stable with the passing of time and also, has high ionic conductivity 
properties. 

[0007] 

[Measures in order to solve the problem] 

The present invention is an invention that suggests a polymeric compound 
composite material, characterized by the fact that it is a polymeric compound 
composite material where the ionic liquid (B) is made into a solid phase material by 
a polymeric compound (A), and where the ionic liquid (B) is formed from a mixed 
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material of a lithium salt (bl) and a a cyclic amidine or pyridine onium salt (b2). 
[0008] 

[Embodiment of the invention] 

Here below, the present invention is explained in details. 
Polymeric compound (A): 

As the polymeric compound used according to the present invention, it is preferred 
to use a synthetic polymeric compound in order to solidify the ionic properties 
possessing liquid into a film type or poured molded type products. In more details, it 
is possible to use the following here below materials: polyvinyl chloride, 
polyacrylonitrile, polymethyl methacrylate, polyvinylidene fluoride, etc, polyvinyl 
type polymeric compounds, polyoxymethylene, polyethylene oxide, polypropylene 
oxide etc., polyether type polymeric compounds, Nylon 6, Nylon 66 etc., polyamide 
type polymeric materials, polyethylene terephthalate etc, polyester type polymeric 
compounds, polycarbonate type polymeric compounds or ionen type polymeric 
compounds, etc However, polymethylmethacrylate type polymer, polyacrylonitrile, 
polyethylene oxide, and ionen type polymeric compounds are preferred. 

[0009] 

Ionic liquid B: 

According to the present invention, for the ionic properties possessing liquid 
material a mixed material is used that contains a lithium salt (bl) and a cyclic type 
amidine or pyridine onium salt (bl). As the lithium salt, it is possible to use the 
lithium salts of organic acids or the lithium salts of inorganic acids. As the lithium 
salts of the organic acids, for example, lithium acetate, lithium trifluoroacetate, 
lithium trifluoromethane sulfonate, lithium salt of the p-toluene sulfonic add, bis 
(trifluoromethyl sulfonyl)imide acid lithium, lithium tris (trifluoromethyl 
sulfonyl) carbonate etc can be used. And as the lithium salts of inorganic acids, it is 
possible to use for example, UN03, LiSCN, UC103, LiC104, LiBF4, LiPF6, LiAsF6, 
LiSbF6 etc Among these, the preferred lithium salts are bis 
(trifluyoromethylsulfonyl) imide acid lithium, lithium tris (trifluoromethyl 
sulfonyl) carbonate, LiBF4, LiPF4 etc., lithium salts. Regarding the other component 
of the ionic properties possessing liquid (B), it is formed from a cyclic type amidine 
cation represented by the formula (I) 

[0010] 
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[Chemical Formula 3] 

4 

[0011] 

[where in the formula, Rl and R3 represent correspondingly, individually an alkyl 
radical where the number of the carbon atoms is in the range of 1 - 5, R2 represents 
a hydrogen or an alkyl radical where the number of the carbon atoms is in the range 
of 1 ~ 5, Q represents an alkylene, arylene, or alkenylene where the number of the 
carbon atoms is in the range of 2 - 5], or a pyridine cation mat is represented 
according to the formula (II) 




[0012] 



[Chemical Formula 4] 



3* 

n> c^"?n— R* cm 
[0013] ~" 

[Where in the formula, R4 represents an alkyl radical where the number of the 
carbon atoms is in the range of 1 - 6, R5 represents a methyl or ethyl radical.] and an 
anion. As the anion, it is possible to have bis (trifluoromethyl sulfonyl) imide acid, 
perchloric acid, tetrafluoroboric acid, hexafluorophosphoric acid, tris 
(trifluoromethyl sulfonyl) carbonic acid, trifluoro methanesulfonic acid, 
trifluoroacetic acid, propionic acid, butanoic acid, iso-butanoic acid, maleic acid, 
phthalic acid, benzoic acid, salicylic acid, succinic acid, and adipic acid etc, organic 
carboxylic acids. 

[0014] 

As the onium cation of the cyclic amidine or pyridine, it is possible to present as 
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examples the cations that have 1, 3-dialkylimidazoUnium, 12, 3- 
trialkylimidazolinium etc., imidazol rings, the cations that have 1, 3- dialkyl 
imidazolinium etc., imidazoline rings, the cations that contain 1, 3- 
dialkyltetrahydro pyrimidinium etc., pyrimidine ring, the cations that contain 1, 5- 
di azabicydo [4.3.0] nonene- 5 etc, di azabicydo rings, the cations that contain 1-alkyl 
pyridiiun etc, pyridine ring, etc, cyclic type imine compounds. 

[0015] 

As detailed examples of the cyclic type amidine or pyridine onium salt, it is possible 
to list the following here below: 1-ethyl -3- methylimidazolium tetrafluoro borate, 1, 
2- dimethyl - 3- ethyl imidazolium tetrafluoro borate, 1, 3- dimethyl - 
imidazolinium tetrafluoro borate, 1-ethyl pyridinium tetrafluoro borate, 1, 5 - di 
azabicydo [43.0] nonene - 5- methyl tetrafluoro borate, 1- ethyl - 3- methyl 
imidazolium bis (trifluoromethyl sulfonyl) imide, 1 - butyl pyridinium bis 
(trifluoromethyl sulfonyl) imide, 1 - ethyl - 3- methyl imidazolium 
trifluoromethane sulfonate, 1- ethyl • 3- methyl imidazolium trifluoroacetate, etc 

[0016] 

Regarding the compounding ratio of the lithium salt (bl) and the cyclic type 
amidine or pyridine onium salt, that are the structural components of the ionic 
liquid, it is within the mutual compatibility range, and usually, the lithium salt (bl) 
is in the range of 0.1 - 99 weight parts relative to 100 weight parts of the onium salt, 
and preferably, it is used in an amount in the range of 1 - 30 weight parts. 

[0017] 

Polymeric compound composite: 

The polymeric compound composite is obtained as in the above described ionic 
properties possessing liquid (B), the polymeric compound (A) is directly added and it 
is heated and dissolved, and then it is cooled and formed, or both materials are 
mixed in an appropriate organic solvent medium and formed and after that by 
drying under reduced pressure, etc, methods the solvent medium is removed. Also, 
it can be obtained as in the above described ionic properties possessing liquid, the 
raw material monomer for the polymeric compound is mixed, and then 
polymerization initiation agent is added, and the raw material is heat polymerized 
or condensed and reacted and by that the polymeric compound composite, is 
obtained. 

[0018] 

Regarding the heating temperature, it is preferred that it is from a room 
temperature to a temperature around 150oC Also, as the above described 
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polymerization initiation agent, it is possible to list as examples the following: 
benzoyl peroxide etc., peroxidized diacyl compounds, cumene hydroperoxide, 
hydrogene peroxide or other peroxide type compounds, 2, 2- azo bis isobutylonitrile 
etc., azo type compounds, di benzoyl disulfide etc., disulfide type compounds, p- 
toluene sulfonic acid etc., sulfonic acid type compounds. 

[0019] 

Regarding the compounding ratio of the ionic properties possessing liquid (B) and 
the polymeric compound (A), it is a good option as long as it is a mixing ratio that is 
within the mutual compatibility range, however, usually, the amount of the 
polymeric compound (A) used is in the range of 1 - 99 weight parts relative to 100 
weight parts of the ionic type liquid (B), and preferably it is in the range of 5 ~ 60 
weight parts. In the case of the polymeric compound composite material, there is no 
problem of leaking of liquid, and also there are no corrosive properties, and it is a 
stable material, and because of that it becomes a solid phase electrolyte material that 
can be used in electrochemical devices that have reliability properties resistant to 
long periods of time- Also, it is a material that can be advantageously used as an 
anti-electrostatuc material for electronic devices or static electricity shielding 
materials, where its ionic conductivity properties are advantageously used. 

[0020] 

[Practical Examples] 

Here below, the present invention will be explained in even more details by using 
practical examples. 

Practical Example 1 

In a glove box under a nitrogen atmosphere 100 mg of polyacrylonitrile (PAN: 
average molecular weight 86,000), 384 grams of 1-ethyl - 3- methylimidazolium 
tetrafluoroborate, 16 mg of lithium tetrafluoro borate and 5.5 grams of N, N- 
dimethyl formamide (DMF) are added and this is heated and stirred at a 
temperature of 95oC for a period of 30 minutes. And by that a transparent solution 
was obtained. 

[0021] 

This solution was cooled and after that under heating and reduced pressure (70oC, 
1mm Hg), the DMF solvent medium' was removed, and a thin film with a thickness 
of 60 micron was obtained from the polymeric composite material. This polymeric 
compound composite was inserted in the space between well polished stainless steel 
electrodes with a 1 mm thick manufactured from Teflon spacer with a diameter of 1 
cm, and by using an impedance analyzer employing a closed type electrical 
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conductivity measurement ceil, and a constant temperature tank, and by making the 
cell impedance at a frequency in the range of 5 ~ 13 MHz, and at temperature range 
of 100 - OoC, to be an oscillation level of 500 mV, the ionic conductivity was 
measured. 

[0022] 

At a temperature of 30oC the ionic conductivity was 1.6 x 10 -3 S/cm. Also, when 
the tensile strength was measured, it was 70 kg/cm2. Even when it was stored for a 
period of 6 months / there was no corrosion of the stainless steel observed. 
Moreover, regarding the thin film made of the polymeric compound composite 
obtained according to the Practical Example 1, the ionic conductivities at different 
temperatures were measured, and this is presented in Figure 1 as a graph of the 
correlation between the temperature and the ionic conductivity of the polymeric 
compound composite. 

[0023) 

Practical Example 2 

In a glove box under a nitrogen atmosphere 84 mg of polyethylene oxide (PEO: 
average molecular weight 600,000), 258 grams of 1-ethyl - 3- methylimidazolium 
tetrafluoroborate, 10.8 mg of lithium tetrafluoro borate and 5.5 grams of N, N- 
dimethyl formamide (DMF) are added and this is heated and stirred at a 
temperature of 95oC for a period of 30 minutes. And by that a transparent solution 
was obtained. 

[0024] 

This solution was cooled and after that under heating and reduced pressure (70oC, 
1mm Hg), the DMF solvent medium was removed, and a thin film with a thickness 
of 60 micron was obtained from the polymeric composite material. At a 
temperature of 30oC the ionic conductivity of this thin film made of the polymeric 
compound composite was 1.1 x 10 -3 S/cm. Also, when the tensile strength was 
measured, it was 60 kg/cm2. Even when it was stored for a period of 6 months, there 
was no corrosion of the stainless steel observed. Moreover, regarding the thin film 
made of the polymeric compound composite obtained according to the Practical 
Example 2, the ionic conductivities at different temperatures were measured, and 
this is presented in Figure 1 as a graph of the correlation between the temperature 
and the ionic conductivity of the polymeric compound composite. 

[0025] 

Reference Example 1 
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In a glove box under a nitrogen atmosphere 200 mg PAN, 332 mg triethyl methyl 
ammonium benzoate, 26.4 mg lithium acetate, 57.4 mg of LiTFSI and 5,5 grams DMF 
are added and this is heated and stirred at a temperature of 95oC for a period of 30 
minutes. And by that a transparent solution was obtained. This solution was cooled 
and after that under heating and reduced pressure (70oC 1mm Hg), the DMF 
solvent medium was removed, and a thin film was obtained from the polymeric 
composite material. At a temperature of 30oC the ionic conductivity of this thin 
film made of the polymeric compound composite was 3.2 x 10 -6. 

[0026] 

[Results from the present invention] 

In the case of the polymeric compound composite according to this invention, it is a 
material that does not present the problem of liquid leakage, there is also no 
corrosive properties, and it is a stable material, and because of that it is a material 
that sustains its reliability properties for a long period of time, it is a material that 
can be appropriately used as the solid phase electrolyte material employed in 
electrochemical devices like lithium primary batteries, lithium secondary batteries, 
electrolytic condensers, electrical dual layer condensers, electrochromic display 
elements, etc Also, by using advantageously its ionic conductivity properties, it is a 
material that can be appropriately used as the anti-electrostatic material or static 
shielding material for electrical equipment 

[Simple explanation of the figure] 

[Figure 1] 

Figure 1 represents a diagram of the temperature - ionic conductivity correlation for 
the polymeric compound composite. 



[Figure 1] 
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Figure 1: Temperature - ionic, conductivity correlation for the polymeric compound 
composite 

on the vertical axis - ionic conductivity: log sigma (S/cm) 
In the figure: 

1. Practical Example 1, Z Practical Example 2, 3. reference Example 1 
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[ft 3] 
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[0 0 11] R 1 iR 3 HSCLTK# 
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QttR«»2-5©7/U*l/^ 

ry-uyxttr^^uy^jM-. ) xk* (n) -c 

[0 0 12] 
[ft 4] 

<^JN-R4 (II) 
[0013] («f7 R 4 tt&Ufft 1-6 OTA^/HI 

r 5 tt^^xfi^^ssr*i" 0 ] tswa-yt 

Ht ^t7/i/tnyys, hy* (by^nn^/v 

[ooi4] ?s«r^^yx«ttryi?v(o^9AB^ 
i, 2, 3-hyr/^w^^/y *;&m<n4%#y 

— /mt#1-8t>o, 1, 3-$>XA'*A'-'f 5^/y 
^^A«jf©^5^/y>1tSr«r5fco, l, 3-^T 
A^*A^h?t Kntfy * S^^A^tfy ^vgfr 
*ri-8*>o> i, 5-i?riftri/^n [4. 3. 0] / 
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>f 5 ^ft«*«r«*r 8 - 1 * 8o 
[0 0 15] ««T5^Xf4tfy ^yO*=i5rAJ|[fl!) 
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^;W5^/y 9Arh57A'*tn#l/-K l, 3 

1, 5-^T1f^>^n [4. 3. 0] /*>—5-p< 
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MF £g£ U¥£ 1 0 0 n m<D&ft*m&ft<Dnm%ft 

*ym&&}&. 1. lX10" 3 S/cmtfeot $ 
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4mgWDMF5. 5g^4i 9 5t:T3 O^ttM 
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K^aotteftit^^f^WWtta. 2xio" 6 s/ 

c m"Cfeofe 0 
[00 26] 

nm»it<. «*ttt>4<> jfe3tft©-c» gfflra^ft® 
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